Thyrotropin releasing hormone (TRH; pGlu-His-ProNH2) is expressed also in pancreatic β cells where it is colocalized in secretory granules with insulin. High perinatal changes of the TRH gene expression and TRH concentrations in rat pancreatic islets coincide with the perinatal maturation of the adequate insulin secretory responsiveness to glucose and other nutrient secretagogues. TRH secretion from pancreatic islets is stimulated by glucose and inhibited by insulin. Disruption of the TRH gene in knockout mice results in hyperglycemia accompanied by impaired insulin secretory response to glucose. Progress in understanding TRH -insulin relations may be substantial for improving knowledge of pathophysiological mechanisms included in changes of insulin secretion with possible clinical impact. Block of the last step of biosynthesis of α-amidated peptides, including TRH by disulfiram (DS) treatment of adult male rats subcutaneously with 200 mg/kg for five days in our experiments resulted in barely detectable levels of peptidyl-glycine α-amidating monooxygenase (PAM) in their pancreatic islets. TRH in physiological concentration (1 nM) does not affect basal insulin secretion from intact rat pancreatic islets. In contrast, basal insulin secretion from islets of DS-treated rats is four times higher compared to controls and could not be further stimulated by high-glucose. The addition of 1 nM TRH into medium decreased immediately basal insulin secretion in DS (TRH lacking) islets to control level and normalized also their response to glucose. Interestingly, absence of the secretory response to glucose in islets from TRH depleted rats was connected with their increase of insulin content during stimulation. Glucose stimulation together with 1 nM TRH normalized also insulin content in DS islets. Apparently, high insulin content in islets from TRH depleted animals is a result of block of regulatory secretion pathway redirected to constitutional secretion which was corrected by the addition of TRH. Type 2 diabetes mellitus is a disease characterized by various range from predominant insulin resistance with relative insulin deficiency to a predominant secretory defect with insulin resistance. These symptoms suggest a possible role of TRH dysregulation. In conclusion, presence of TRH in β cells ensures appropriate low basal (constitutive) insulin secretion. Release of TRH induced by glucose and possibly by other secretagogues has autocrine effect resulting in directing insulin secretion
to regulatory pathway reacting to stimulation. If some defects of insulin secretion could be treated by TRH, various ways of applications (also oral and nasal) could be utilized. Moreover, positive side effects shown in animal experiments may accompany the treatment: TRH has the potential to prevent apoptosis and promotes insulin-producing cell proliferation and has also aging-reversing properties.
Thyrotropin-Releasing Hormone
Thyrotropin-releasing hormone (TRH; pGlu-His-ProNH2) was initially isolated as pituitary thyrotropin regulating hypothalamic peptide [1, 2] . Later on TRH was found in various locations [3] within the central nervous system (CNS), prostate, pancreas, thyroid, heart, gastrointestinal tract [4] [5] [6] [7] [8] [9] serving various physiological functions.
Pancreatic TRH deserves special attention; its potential functions might be very important. TRH immunoreactivity was reported in rat pancreatic extracts 10 years after discovery of its structure [10] . High proTRH mRNA expression was detected in the insulin expressing and streptozotocin sensitive pancreatic cells in late prenatal and early postnatal period of rat [5, 11] . Dynamics of pancreatic TRH content correlates with proTRH mRNA expression during ontogenesis [5] with a delay about 3 days; TRH mRNA signal reaches maximum at the day of birth, concentration of TRH at the 3rd postnatal day and both parameters decrease thereafter (Fig. 1) . TRH is colocalized with insulin in the secretory granules of rat b cells [12, 13] . TRH was also demonstrated in b cells in human fetal pancreas [14] and 1 year old infants [15] . Mulla et al. [16] could show TRH mRNA expression in human fetal and adult pancreata, and TRH receptor mRNA expression in fetal but not in the adult human pancreas [16] . This study was using human islet-derived precursor cells.
TRH And Insulin
Period of high pancreatic TRH coincides with the perinatal maturation of the adequate insulin secretory responsiveness to glucose and other nutrient secretagogues [17] . Grill et al. showed that the obtunded insulin secretion at birth in the rat may apply to all nutrient secretagogues [17] . The secretory limitation cannot be ascribed to faulty glycolysis but must involve some communally shared, probably early, step in stimulussecretion coupling [17] . Injection of streptozotocin (STZ) to adult rats causes rapid and irreversible destruction of pancreatic b-cells resulting in a severe insulindependent diabetic syndrome. When administered neonatally, the acute effect of STZ is followed by spontaneous b-cell regeneration and transient return to normal glucose levels within about 1-2 weeks [18] [19] [20] [21] [22] . Nevertheless, a disturbance [21, 23] . Neonatal STZ (nSTZ) treatment results in parallel depletion of both insulin and TRH in the rat pancreas [19] . Destruction of pancreatic TRH system, in contrast to insulin, is irreversible and does not undergo spontaneous recovery [12, 19] . Neonatal pancreas contains different types of insulin-containing cells; insulin is colocalized with glucagon in one subpopulation and with TRH in another one [11] , which particularly may be irreversibly affected with STZ treatment. Interestingly, when we treated nSTZ rats with TRH during first week of life the insulin response to glucose stimulation at the age 12-14 weeks was partially restored in females [20] . Hemmings and Spafford [21] also reported lower sensitivity of females to nSTZ. Disruption of the TRH gene in knockout mice results in hyperglycemia accompanied by impaired insulin secretory response to glucose [24] . Secretion of TRH from neonatal rat pancreas is stimulated by glucose [22] and inhibited by somatostatin [22] . Glucose stimulates and insulin inhibits TRH release from isolated adult rat pancreatic islets [25] . All these data indicate specific relation between TRH and glucose-induced insulin secretion. Is it possible that some forms of type 2 diabetes include perturbation of this mechanism? What will happen after inducing acute shortage of TRH in adult animals?
Effect Of TRH Absence And Administration On Insulin Secretion
Disulfiram (DS) is an effective tool for reducing peptide amidation and decrease of bioactive TRH in vitro and in vivo [26, 27] . DS acts as a selective inhibitor of peptidyl-glycine-α-amidating monooxygenase (PAM), the copper-, ascorbate-, and molecular oxygen-dependent enzyme catalyzing the last step of biosynthesis of α-amidated peptides, including TRH [28, 29] . Five day pretreatment of adult rats by DS (200 mg/kg body weight subcutaneously daily) in our experiments decreased PAM activity in their pancreatic islets [30] to barely detectable level (6% of those achieved by vehicle treated ones). TRH in physiological concentration (1 nM) does not affect basal (Fig. 2) insulin secretion from isolated intact rat pancreatic islets [30] . Basal insulin secretion from islets of DS-treated rats is four times higher compared to controls (Fig. 2 ) and is decreased to control level after addition of 1nM TRH into medium [30] .
Glucose stimulated (Fig. 3A) insulin secretion from intact rat pancreatic islets is not affected by the presence of 1nM TRH [30] . The same dose of TRH has very dramatic effect on basal and glucose stimulated insulin release from TRH depleted islets (Fig. 3B) [30] . High release of insulin from DS-treated pancreatic islets under basal (unstimulated) conditions (Fig. 3B) could not be further stimulated by high-glucose (Fig. 3B) . Presence of 1nM TRH in the medium during incubation of TRH depleted pancreatic (DS) islets decreased basal insulin secretion to control level (Fig. 3B ) and normalized its response to 16.7 mM glucose in islets from DS treated rats (Fig. 3B) [30] . Fig. 2 . Effect of thyrotropin-releasing hormone (TRH) on basal insulin secretion from islets from control and disulfiram (DS) treated rats [30] . ### P< 0.001 compared to control group, ** P<0.01 within the DS group. Interestingly, absence of the secretory response to glucose in islets from TRH depleted rats was connected with the high insulin content (Table  1 ) [30] . Glucose stimulation together with 1nM TRH normalized also insulin content in DS islets (Table 1) . Apparently, high insulin content in islets from TRH depleted animals is a result of block of regulatory secretion pathway which was corrected by the addition of TRH [30] .
During the granule maturation process, the newly formed mature dense-core insulin granules proceed to the regulatory secretory pathway as releasable granules, whereas soluble luminal proteins lacking signals enter transport intermediates for the constitutive pathway [31, 32] . Obviously, islets lacking TRH secrete insulin by constitutive pathway irresponsive to stimulation by glucose (Fig. 4) . The addition of TRH redirects insulin from constitutive to regulatory secretory pathway, reflected by decrease of basal secretion and appearance of response to glucose stimulation. Apparently, presence of TRH in b cells ensures appropriate low basal (constitutive) insulin secretion and release of TRH induced by glucose [30] and its autocrine and/or paracrine effect(s) is essential signaling step of directing insulin secretion to regulatory pathway. Similar explanation could be used for mice with targeted disruption of thyrotropin releasing hormone gene; they also exhibit hyperglycemia and impaired insulin secretion in response to glucose [24] .
Possible Role Of TRH In Diabetes Mellitus
Type 2 diabetes mellitus (DM) is a disease characterized by various range from predominant insulin resistance with relative insulin deficiency to a predominant secretory defect with insulin resistance. Islets lacking TRH in our experiments [30] release increased amount of insulin at basal conditions without adequate response to glucose stimulation thus making animal model imitating Fig. 3 . Effect of TRH on glucose-induced insulin secretion from pancreatic islets isolated from intact (A) and DStreated (B) rats [30] . Islets were incubated for two subsequent 30 min periods in basal and 16.7 mM glucose media without TRH (left) or with TRH (right). * P< 0.05, *** P<0.001 compared with previous incubation. insulin resistance and deficiency as in type 2 DM in patients. Physiological dose of TRH does not affect insulin secretion in intact rat pancreatic islets but has immediate repairing effect on insulin secretion in TRH depleted islets. To our best knowledge no causal effect of pancreatic TRH deficiency on insulin secretion in patients has been reported yet. Nevertheless, it cannot be excluded. Moreover, if some defect in insulin secretion could be treated by TRH, medication could be applied intravenously, orally or nasally. No contraindications were reported for TRH application except for early stages of pregnancy. Side effects may occur after intravenous TRH application. These effects do not last longer than three minutes. They include: feeling of heat, nausea, accelerated heartbeat, dizziness, cerebral pressure, micturition urgency ( [33] and Wikipedia) . On the other side it was shown in animal experiments that TRH has the potential to prevent apoptosis and promotes insulinproducing cell proliferation [34] and has also aging-reversing properties [35] . Oral treatment of aging mice by TRH resulted in maintenance and reconstitution of testes structure and function and also protection of kidneys from amyloid and hyaline infiltration [35] . These side effects of TRH therapy could be very positive. On the other hand therapeutic use of TRH may be limited by its rapid blood inactivation and short-term effect in human. TRH analogues have been synhesized and used for various purpose, for instance to increase effect on central nervous system [36, 37] . Development of resistant analogues affecting insulin secretion could be very promissing to prolong duration of the effect and could provide also easier application to patients. 
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